Background: T lymphocyte infiltration has been detected in glioma, although its significance remains unclear. The purpose of the present study was to explore the prognostic value of CD4 þ and CD8 þ tumour-infiltrating lymphocytes (TILs) in glioma, and the
positively correlated with tumour grade (P ¼ 0.002). FoxP3
þ TILs were only observed in glioblastomas, but not in low-grade astrocytomas or oligodendroglial tumours. Among patients with glioblastoma, none of CD4 þ TILs, FoxP3 þ TILs and CD8 þ TILs alone was significantly associated with patient prognosis. However, the presence of high CD4 þ and low CD8 þ TIL levels was an independent predictor of poor progress-free survival (multivariate hazard ratio (HR) 1.618, 95% confidence interval (CI) 1.245-2.101, Po0.001) and poor overall survival (multivariate HR 1.508, 95% CI 1.162-1.956, P ¼ 0.002). Moreover, pseudoprogression was more often found in patients with high CD4 þ TILs and high CD8 þ TILs.
Conclusions:
The combination of CD4 þ and CD8 þ TILs is a predictor of clinical outcome in glioblastoma patients, and a high level of CD4 þ TILs combined with low CD8 þ TILs was associated with unfavourable prognosis.
Previous studies have shown that lymphocyte infiltration occurs in glioma and that the presence of tumour-infiltrating lymphocytes (TILs) is predictive of clinical outcome (Brooks et al, 1978; von et al, 1984) . However, the findings of these studies were not consistent (El Andaloussi and Lesniak, 2006; Heimberger et al, 2008; Lohr et al, 2011; Kim et al, 2012; Yue et al, 2013) . Because of the wide application of standard radiotherapy and/or chemotherapy for the treatment of glioma patients, the effect of immune factors on clinical outcome and the potential prognostic value of TILs are important clinical issues that need to be elucidated. Functionally distinct lymphocytes are distinguished by their mutually exclusive expression of CD4 or CD8 co-receptors (Yu et al, 2003) . CD8 þ cytotoxic T lymphocytes are crucial components of the tumour-specific adaptive immunity that attacks tumour cells (Smyth et al, 2006; Mahmoud et al, 2011) . The role of CD4 þ T cells is complicated (Gu-Trantien et al, 2013) . CD4 þ helper T cells have a central role in initiating and maintaining anti-cancer immune responses, which significantly affects the function of CD8 þ T cells (Ho et al, 2002) . However, CD4
þ regulatory T cells (Tregs) suppress anti-tumour immunity and promote tumour progression (Gobert et al, 2009; Zamarron and Chen, 2011) . Forkhead box protein 3 (FoxP3 þ ) is a specific molecular marker for Tregs (El Andaloussi and Lesniak, 2006; Yue et al, 2013) .
In the present study, we investigated the infiltration of CD4 þ , FoxP3 þ and CD8 þ lymphocytes in a large series of glioma samples, and examined the effects of these TILs, alone and in combination, on the prognosis of glioblastoma patients who received standard therapy.
MATERIALS AND METHODS
Study population. We examined clinical samples and patient records corresponding to 284 patients who had been diagnosed with glioma (153 with grade II, 41 with grade III and 90 with grade IV) from the Chinese Glioma Cooperative Group sample database. Grade II gliomas included 92 astrocytomas, 27 oligodendrogliomas and 34 oligoastrocytomas. Grade III gliomas included 10 anaplastic astrocytomas, 13 anaplastic oligodendrogliomas and 18 anaplastic oligoastrocytomas. Grade IV gliomas included 90 primary glioblastoma multiformes (GBMs). Molecular classification information was available for 49 GBM samples from Chinese Glioma Genome Atlas (CGGA, http://www.cgcg.org.cn; proneural 4, neural 7, classical 15 and mesenchymal 23). The patients had no other cancers or diseases, such as acute infection or diabetes, and they had not received previous radiotherapy or chemotherapy at the time of the study. Patients underwent surgical resection by neurosurgeons who used similar operational techniques and principles from January 2007 to December 2009. According to the 2007 World Health Organization classification guidelines, the histological diagnosis was established and verified by two neuropathologists. Samples were immediately snap-frozen in liquid nitrogen after resection. One part of each sample was fixed with formalin, embedded with paraffin wax and kept at room temperature. All patients with GBM received radiotherapy and chemotherapy postoperatively according to the Stupp protocol (Stupp et al, 2005) .
The 90 patients with GBM were included in the survival analysis. Patients underwent routine contrast-enhanced magnetic resonance imaging (MRI) examination before and after surgery. Tumour size was calculated based on preoperative MRI scans as follows: longest diameter Â widest diameter Â thickness (section thickness Â the number of layers) Â 1/2. Clinicopathologic data were retrospectively collected from medical records and are summarised in Table 1 . Progress-free survival (PFS) was defined from the date of surgery to the first MRI-confirmed recurrence. Tumour progression and pseudoprogression were defined according to RANO criteria (Brandsma and van den Bent (2009) ). In the case that the MRI changes were equivocal, the therapy was continued observing the patient closely, and MRI was repeated every 4 week. Confirming the progress in a 4-week control MRI, the initial MRI was considered as a progression time point at which the initial suspicion of progression was expressed. Overall survival (OS) was defined as the interval between surgery and death from GBM. The median follow-up period was 15.7 months (range, 2-53.7 months), during which 79 patients were dead from GBM. No patient with GBM was lost to follow-up. Data were censored at the last follow-up for patients without death at the time of the analysis. This study was approved by the institutional review board of our hospital, and written informed consent was obtained from each glioma tissue donor, who consented to the use of the tumour tissue and clinical data for future research.
Tissue microarrays and immunohistochemistry. Tissue microarrays were constructed using 284 glioma clinical samples and analysed by immunohistochemical staining as we previously described (Han et al, 2013) . Briefly, tissue microarrays were constructed with tissue microarrayer (Beecher Instruments, Silver Springs, MD, USA). Each tumour was sampled in duplicate from representative areas using a 0.6-mm punch, yielding composite array blocks comprising a total of 568 tissue cores.
Paraffin-embedded specimens were cut into 4-mm sections. After deparaffinization with xylene and rehydration, antigen retrieval was performed by microwave treatment in 10 mmol l À 1 sodium citrate buffer (pH 6.0) for 20 min. The endogenous peroxidase was blocked with 3% H 2 O 2 in methanol. Non-specific binding was blocked for 10 min using protein-blocking buffer. The sections were washed in phosphate-buffered saline (PBS). Diluted primary antibodies against CD4 (clone 4B12, 1 : 40; Novocastra Laboratories Ltd., Newcastle, UK), CD8 (clone 144B, 1 : 50; Abcam, Cambridge, UK) or FoxP3 (clone mAbcam 450, 1 : 50; Abcam) were added to the tissue and incubated overnight at 4 1C. For negative controls, the primary antibody was replaced by normal mouse serum. Human normal tonsil was used as positive control. Samples were then incubated with the horseradish peroxidase labelled secondary antibody in the immunohistochemical kit MaxVision, Fu Zhou, China) for 30 min at room temperature. Diaminobenzidine was used for colour development and hematoxylin as counterstain. Results were visualised and photographed under a light microscope (Olympus BX-51; Olympus Optical Co., Ltd., Tokyo, Japan).
Quantitative evaluation was performed by examining each section using at least five different high-power fields ( Â 40 objective and Â 10 eyepiece) with the most abundant TILs. Because other populations occasionally stain with CD4 antibody, CD4 þ cells with apparent morphological appearance different from T cells were excluded from the count. The number of CD4 þ , FoxP3 þ and CD8 þ TILs was manually counted three times for each photograph independently by two investigators (JD and YL) and an experienced neuropathologist (QL) blinded to the clinical background of the patients. Scores were re-examined after a period of time to ensure reproducibility. An excellent intra-observer and inter-observer agreement was reached. When strong differences in scoring between observers occurred, the core was re-evaluated to reach a concordant scoring. The average of CD4 þ , FoxP3 þ and CD8 þ TIL counts per field for each patient was used for statistical analysis (Sato et al, 2005) .
MGMT promoter methylation analysis by methylation-specific PCR. Methylation-specific PCR was performed as described previously (Esteller et al, 1999) to detect O(6)-methylguanine-DNA-methyltransferase (MGMT) promoter methylation in the 90 GBMs. Briefly, tissue samples were lysed with 490 ml lysis buffer containing 20 mM Tris-Cl (pH 8.0), 5 mM EDTA (pH 8.0), 400 mM NaCl and 1% (w/v) sodium dodecyl suphate, and digested with 10 ml proteinase K at 10 mg ml À 1 at 37 1C for 12 h. Genomic DNA was purified from the lysate by phenol/chloroform extraction. One microgram of DNA was denatured by NaOH and modified by sodium bisulfite. Methylation-specific PCR was performed using primer sequences for MGMT as follows: 5 0 -TTT GTG TTT TGA TGT TTG TAG GTT TTT GT-3 0 (forward) and 5 0 -AAC TCC ACA CTC TTC CAA AAA CAA AAC A-3 0 (reverse) for the unmethylated reaction; and 5 0 -TTT CGA CGT TCG TAG GTT TTC GC-3 0 (forward) and 5 0 -GCA CTC TTC CGA AAA CGA AAC G-3 0 (reverse) for the methylated reaction. Each PCR reaction (10 ml) was loaded onto non-denaturing 6% polyacrylamide gels, stained with ethidium bromide and visualised under ultraviolet illumination. The PCR reaction was repeated at least three times.
Statistical analysis. Cox proportional hazards models were used to calculate hazard ratios (HRs) of recurrence or death according to the number of CD4 þ , FoxP3 þ and CD8 þ TILs in GBMs, unadjusted and adjusted for age, sex, preoperative Karnofsky performance status (KPS), tumour size, degree of resection and MGMT promoter methylation. To adjust for potential confounders, age, preoperative KPS and tumour size were used as continuous variables and all of the other covariates were used as categorical variables. We dichotomised MGMT promoter methylation status (methylation vs unmethylation) and TIL levels (high vs low, the cutoff values are defined in Results). Tumour resection was defined as follows: (0) gross total resection, (1) partial removal with residual tumour o30% and (2) residual tumour 430% or biopsy. The combination of CD4 þ TILs and CD8 þ TILs was defined as: (1) TILs was defined in the same pattern. Kaplan-Meier survival analysis was used to determine the distribution of OS and PFS time, and the results were analysed with the log-rank test. The w 2 test and analysis of variance were used to determine statistical significance. Statistical analyses were performed with SPSS 13.0 (SPSS Inc., Chicago, IL, USA). A 2-tailed P-value of o0.05 was regarded as significant.
RESULTS
Glioma infiltration by CD4 þ , FoxP3 þ and CD8 þ lymphocytes. As shown in Figure 1 , the number of CD8
þ TILs was significantly lower in high-grade gliomas (grade III and IV, 6.9 ± 9.1) than in low-grade gliomas (grade II, 15.5 ± 42.5, P ¼ 0.023). In contrast, the number of CD4
þ TILs was higher in high-grade gliomas (34.0 ± 39.4) than in low-grade gliomas (21.3±29.7, P ¼ 0.002, Figures 2A-C) . No significant differences in the number of CD4 þ and CD8 þ TILs were observed between patients with grade III and grade IV gliomas ( Figures 1D and 2B ). FoxP3 þ TILs were not observed in astrocytomas and anaplastic astrocytomas. Moreover, we did not found FoxP3 þ TILs in oligodendroglial tumours. FoxP3 þ TILs were only present in glioblastomas and the number was small (3.8±8.7, Figure 2A ). Statistics of averaged TILs counts are shown in Table 2 . The median number of CD4 þ , FoxP3 þ and CD8 þ TILs was 16.7, 2.1 and 3.4 per high-power field, respectively in the 90 grade IV GBM tissues, which was used as the cutoff point to define a high infiltration group and a low infiltration group for survival analysis ( Figure 3A) . However, as shown in Figure 3E , compared with all the other groups high CD4
þ TILs in combination with low CD8 Figure 3F ).
Our results showed that age, preoperative KPS and MGMT promoter methylation were also independent prognostic factors for patients with GBM who received surgery and postoperative standard radiotherapy plus chemotherapy. Sex, tumour size and degree of resection were not associated with prognosis in GBM patients in this study.
Stratified analysis of TILs and prognosis. We further examined the influence of TILs on PFS and OS across strata of other potential predictors, including age, preoperative KPS and MGMT promoter methylation status. High CD4
þ TILs in combination with low CD8 þ TILs were associated with poor PFS and OS in all subgroups (Table 4 ). The effect of high CD4 þ TILs in combination with low CD8 þ TILs was not significantly modified by age, preoperative KPS and MGMT promoter methylation status (all P for interaction X0.15).
TILs and pseudoprogression. In this series of patients, pseudoprogression was identified in 15 patients (16.7%). Among 30 patients with methylated MGMT promoter, pseudoprogression was found in 10 (33.3%). Among 60 patients with unmethylated MGMT promoter, pseudoprogression was identified in 5 (8.3%; P ¼ 0.003). In 90 GBM patients (15 pseudoprogression; 75 non-pseudoprogression), the pseudoprogression patients had a significantly longer OS than the non-pseudoprogression patients (median 826 vs 439 days, Po0.001). This finding is consistent with previous studies that pseudoprogression is significantly correlated with MGMT status and effect of treatment (Brandes et al, 2008) .
Moreover, among the 15 pseudoprogression patients, 1 was in low CD4
þ /low CD8 þ group (6.7%), 3 were in low CD4 þ / high CD8 þ group (20.0%), 9 were in high CD4 þ /high CD8 þ group (60.0%) and 2 were in high CD4 þ /low CD8 þ group (13.3%). Higher rate of pseudoprogression was found in patients with high CD4
þ TILs and high CD8 þ TILs (P ¼ 0.007, and Figure 2D ). In addition, the percentage of high CD4 þ /high CD8 þ cases in pseudoprogression group was significantly higher than that in non-pseudoprogression group (9 out of 15 vs 14 out of 75, P ¼ 0.002, Figure 2E ). This finding indicated that immune-related factors may influence the incidence of pseudoprogression. 
DISCUSSION
Surgery and postoperative radiotherapy plus chemotherapy according to the Stupp protocol have improved the survival of patients with GBM; however, the outcome of most glioma patients remains poor (Stupp et al, 2005) . Therefore, additional therapies, including immunotherapy, are currently under intensive investigation. The analysis of immunological parameters at the tumour site, especially TILs, is important for the development of successful immunotherapy (Sato et al, 2005) . Although the brain is an immunologically privileged organ, lymphocytic infiltration into gliomas has been documented in large patient series (Brooks et al, 1978; Palma et al, 1978) . However, in glioma, whether these TILs contribute to host immunosurveillance (Smyth et al, 2006) and patients' reaction to combined therapy, or whether they participate in tumour-specific immuno-suppression and cancer immunoediting (Dunn et al, 2002 (Dunn et al, , 2004 ) is generally unclear. The infiltration of lymphocytes and the prognostic value of TILs may partly indicate their role in glioma tissues.
In the present study, we showed that high-grade gliomas have higher levels of CD4 þ TILs than low-grade gliomas, which in combination with decreased levels of CD8
þ TILs indicate a decreased CD8
þ /CD4 þ ratio in high-grade glioma patients, consistent with the results reported by Yu et al (2003) . Waziri et al (2008) reported that most of the CD4 þ TILs present in glioblastoma suppress the cellular immune response. Therefore, despite an increase in the total CD4 þ TIL population, the immune function of high-grade glioma patients may be compromised because of the relative low level of CD8 þ CTL in the same glioma tissues.
The increase of CD4 þ TILs and decrease of CD8 þ TILs in high-grade glioma (Figures 1 and 2 ) may reflect the participation of TILs in the glioma progression. Thus, we further investigated whether TILs affect the response of glioma to radiochemotherapy. We examined the prognostic effect of CD4 þ TILs and CD8 þ TILs in 90 glioblastoma patients with detailed clinical information and data, who received standard therapy. Previous studies have reported that CD8 þ TILs have favourable effects on the survival of patients with breast cancer (Mahmoud et al, 2011) , ovarian cancer (Sato et al, 2005) and colorectal cancer (Galon et al, 2006; Pages et al, 2009) . However, in the present study, we showed that the number of CD8 þ TILs alone cannot effectively predict patient outcome in GBM. This could be attributed to the low level of CD8 þ TILs in high-grade glioma compared with that in low-grade glioma and other tumours. Consistent with our results, Kim et al (2012) reported that CD8 þ TILs were not an independent predictor in an analysis of 61 glioblastomas . The lower total number of TILs in glioma (Table 2 ) than in other tumours such as breast cancer (Mahmoud et al, 2011) and ovarian cancer (Sato et al, 2005) could be related to the blood-brain barrier or the specific local microenvironment, which requires further research.
The function of CD4 þ TILs in human malignancies is considered a double-edged immunological sword. On one hand, CD4 þ helper T cells perform critical roles in the recruitment, activation and regulation of many facets of the adaptive immune response. Without adequate CD4
þ T-cell help, CD8 þ T cells frequently fail to fully function in vivo (Bos and Sherman, 2010; Bos et al, 2012) . CD4 þ helper T cells have been associated with better survival in breast cancer (Gu-Trantien et al, 2013) and in other malignancies. On the other hand, CD4
þ Tregs can dampen anti-tumour immunity and promote tumour progression (Ruffell et al, 2010; Zamarron and Chen, 2011) . Tregs are unfavourable prognostic markers in patients with breast cancer (Gobert et al, 2009) , hepatocellular carcinoma (Gao et al, 2007) and pancreatic cancer (Hiraoka et al, 2006) . In the present study, the overall fraction of CD4 þ TILs had no significant prognostic value, which could be associated with the complexity of its components.
We further examined the FoxP3 þ TILs, which represents the regulatory subpopulation of CD4 þ TILs. FoxP3 þ TILs were only found in glioblastomas, but not in low-grade astrocytomas and oligodendroglial tumours, which is consistent with previous studies (Heimberger et al, 2008; Lohr et al, 2011) . However, we did not find that the level of FoxP3 þ TILs was an independent prognostic factor for survival. Our study indicates that the level of FoxP3 þ TILs is low in glioma as a whole, which may influence the prognostic value of FoxP3 þ TILs. Consistently, Lohr et al (2011) reported that FoxP3 þ Tregs were infrequently present and not associated with GBM patient outcome.
Although different subpopulations of CD4 þ TILs have different functions, the overall effect of total CD4
þ TILs could be assessed in combination with CD8 þ TILs. In the present study, we showed that the combination of CD4 þ TILs and CD8
þ TILs can predict the survival of glioma patients after combined treatment. CD8 þ /CD4 þ TIL ratios have been associated with the prognosis of ovarian cancer patients (Sato et al, 2005) . Similarly, our results showed that high CD4 þ TIL levels in combination with low CD8 þ TIL levels was independently associated with shorter PFS and OS in GBM. In glioma patients, high CD4 þ TIL levels with low CD8 þ TIL levels may indicate suppressed cellular immune responses, which may lead to failure of the current treatment strategy. Interestingly, in GBM patients, low CD4 þ and high CD8 þ TIL levels were also associated with unfavourable prognosis, although their survival was better than that of patients with high CD4 þ and low CD8 þ TILs ( Figure 3E ). Inadequate CD4 þ helper T cells and inappropriately activated CD8 þ CTLs may be responsible for this poor prognosis. Similarly, Perrin et al (1999) reported that the ultimate failure of the immune system with adequate CD8 þ TILs to control high-grade glioma growth could be the consequence of a deficient CD4 þ helper T-cell component of the response. These results together with our findings suggest that effective anti-tumour immunity requires appropriate CD8 þ /CD4 þ TIL ratios in glioma, which represents a normal anti-tumour immune reaction. On the contrary, imbalance of CD4 þ and CD8 þ TILs may reflect or result in malfunction of anti-tumour immunity. The modulation of the CD8 þ /CD4 þ TIL ratio could therefore be therapeutically significant, although further studies are necessary to clarify these issues, in particular the effects of the different CD4 þ TIL subpopulations in GBM.
In the present study, we showed that the combination of FoxP3 þ TILs and CD8 þ TILs may be invalid as a prognostic marker in gliomas. For one thing, high-grade gliomas have multiple mechanisms of mediating immunosuppression other than Tregs, such as immunosuppressive cytokines, antigen loss, T-cell apoptosis and induction of anergy by tumour antigen-presenting cells (Heimberger et al, 2008) . In addition, besides FoxP3 þ TILs, other subtypes of CD4
þ TILs may exert a powerful regulatory or suppressive influence upon CD8 þ TILs. For example, Waziri et al (2008) reported that a significant proportion of TILs within GBM were CD4 þ CD56 þ immunosuppressive T cells, whereas Tregs demonstrated only a modest proportional increase within GBM. For another thing, the low number and uneven distribution of FoxP3
þ TILs in glioma tissues also limited its role as prognostic marker. Thus, the lack of a prognostic effect of FoxP3 þ Tregs or the combination of FoxP3 þ TILs and CD8 þ TILs in this setting is logical.
Although the underlying mechanism is unclear, pseudoprogression may have a clinical impact on radiochemotherapy-treated GBM (Brandes et al, 2008) . Interestingly, pseudoprogression was frequently found in patients with high CD4 þ TILs and high CD8 þ TILs, which indicates that immune or inflammatory factors may be involved in the formation of pseudoprogression after combined therapy. However, the case number of pseudoprogression in this research is limited, and more cases are needed to confirm this correlation. The pseudoprogression data further support our result that CD4 þ TILs combined with CD8 þ TILs can affect outcome of patients after combined therapy. An association has also been well established between MGMT promoter methylation and GBM patients' response to radiochemotherapy as well as patient outcome. In this study, we did not found a correlation between MGMT promoter methylation and TILs, which suggests that these two prognostic factors may independently affect patient prognosis through different pathways. Moreover, in the present study, no correlation was observed between immune infiltration and molecular classification of GBMs. Nevertheless, the number of samples in each molecular subtype was also too limited to draw any strong conclusion and further large-sample researches are required.
CONCLUSIONS
In the present study, we provide evidence that immune factors can affect the outcome of GBM patients with current standard therapies. High CD4 þ TIL levels in combination with low CD8 þ TIL levels were associated with unfavourable prognosis. Further studies analysing the effects of different subpopulations of TILs and the relationship between pseudoprogression and TILs in glioma may help elucidate the exact mechanisms by which TILs affect the prognosis of glioma. 
